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ANTI-INFLAMMATORY COMPOUNDS 



Technical Field 

10 The present inventions relates to compounds having anti-inflammatory 
properties. 

Background of the Invention 

Inflammation at wound sites and sites of infection is often characterized by, inter 
1 5 alia, a strong infiltration of leukocytes at the site of inflammation. In particular, 
polymorphonuclear cells (PMN) are the predominant cell type recovered from the 
sites of inflammation, such as inflammatory joints (inflamed intraarticular and 
periarticular spaces) (Terkeltaub, 1992; Dieppe et a/., 1979). 



y 3 20 Inflammation can be reduced by the action of, for instance, such anti- 

09 inflammatory agents as glucocorticoids, produced by the body in response to 



inflammation. One of the many actions carried out by glucocorticoids is the 
induction of lipocortin 1 (LC1), which itself inhibits arachidonic acid release and 



The reviewed experimental evidence (Flower and Rothwell, 1994) supports the 
concept that lipocortin (LC) 1 is a key mediator of many effects of glucocorticoids 
including the suppression of lipid mediator release (Cirino et a/., 1987) the 
inhibition of fever, (Carey etaL, 1990; Davidson et a/., 1991), paw oedema 
30 (Cirino et a/., 1 989) and polymorphonuclear leukocyte (PMN) migration (Perretti 
et a/., 1993), the inhibition of the release of adrenocorticotrophic hormone 
(ACTH) (Taylor et a/., 1993) and other anterior pituitary hormones (e.g. Taylor et 
a/., 1993, 1995) and the inhibition of the induction by endotoxin of nitric oxide 
synthase (Wu etaL, 1995). 



cell proliferation (processes usually associated with inflammation). 
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5 LC1 is a member of a super-family of proteins termed the annexins (reviewed by 
Raynal and Pollard, 1994). Members of this protein group are identified by a 
common structural motif comprising four repeating subunits (in some members of 
the family, eight repeating subunits). While this core domain is highly conserved 
amongst members of the annexin family each of the individual proteins has a 

10 distinct N-terminal domain of variable length and it has been suggested that 
since this is a distinguishing feature, it probably contributes to the biological 
activity specifically associated with each member. Indeed, previous work has 
demonstrated that LC1 lacking the N-terminal domain is without activity in some 
assays of inflammation and mediator release, whereas the full length N-terminus 

1 5 N-acetyl LC1 2 -26 is biologically active in several systems (Cirino et a/., 1 993; 
Perretti, 1994). 
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The A549 cell line is a useful model for studying LC1 biology. The inhibitory 
action of glucocorticoids on cell proliferation in this model seems to be mediated 
by the induction and externalization of LC1 , which subsequently impairs 
r 20 arachidonic acid release and therefore the release of eicosanoids which function 
as autocrine growth stimulators in this cell system (Croxtall and Flower, 1992). 
The glucocorticoid block of arachidonic acid release and cell growth may be 
neutralized by anti-LC1 neutralizing monoclonal antibodies (Croxtall and Flower, 
1992; Croxtall et a/., 1995) or antisense deoxynucleotides (Croxtall and Flower, 
25 1994), thus confirming the central role for this protein in glucocorticoid action. 

In previous publications (Croxtall et a/., 1993), it has been demonstrated that the 
N-terminal domain of LC1 is crucial in exerting this inhibitory effect on A549 cell 
function and that this biological property seems to reside in the downstream 
portion of the N-terminal domain (LC1 13-25) as LCI1-12 is inactive in this model. 

30 To define further the region necessary for the biological activity of the lipocortin 
N-terminal domain, experiments were carried out where a family of 25 peptides 
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5 was synthesized in which systematic deletions were made from the N- and C- 
termini. This enabled a search to be carried out with more precision for the 
biological active region of the molecule (Croxtall et a/., 1998). The results of 
these studies highlighted the importance of the domain EQEYV, as a highly 
conserved sequence presenting all active peptides. The shortest peptide, which 

10 produced significant inhibitory activity, was LC1 1 8 - 2 5 (EQEYVQTV), implying that 
the domain EQEYV, while essential, was not sufficient for biological activity. 

However, the studies carried out by Croxtall and colleagues (Croxtall et a/., 1998) 
were based upon an in vitro assay where cell division was measured. 

Surprisingly, it has now been found that the in vivo anti-inflammatory properties 
15 of LC1 are contained within a different part of the N-terminal amino acid 
sequence of LC1 , specifically LC1 2 - 6 (N-acetyl LC1 2 - 6 = AMVSE). 

Summary of the Invention 
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According to the present invention, there is provided a compound comprising the 
I amino acid sequence AMVSE, wherein said compound does not comprise the 
j 20 amino acid sequence EQEYVQTV. 

Also provided by the present invention is a pharmaceutical composition which 
comprises a compound comprising the amino acid sequence AMVSE, wherein 
said compound does not comprise the amino acid sequence EQEYVQTV, and 
which further comprises one of more pharmaceutical^ acceptable excipients. 
25 Examples of such excipients include phosphate buffered saline (PBS) at, for 
example, 0.1 M, pH 7.4, NaHC0 3 at, for example, 0.2 M and other such 
physiologically acceptable fluids. 

The present invention also provides the use of a compound comprising the 
amino acid sequence AMVSE, wherein said compound does not comprise the 
30 amino acid sequence EQEYVQTV, in the manufacture of a medicament for 



5 inhibiting leukocyte migration, ortreating or preventing inflammation and/or 
inflammatory response/disease. 

Ye. further provided by the present invention is a method of inhibiting leukocyte 
migration, or treating or preventing inflammation and/or inflammatory 
response/disease, comprising administering to an animal an effective amount of 
10 a compound comprising the amino acid sequence AMVSE, wherein sa,d 
compound does not comprise the amino acid sequence EQEYVQTV. 

The present invention may employ any compound comprising the amino acid 
sequence AMVSE provided it does not comprise the amino acid sequence 
EQEYVQTV. Preferably, the compound is a polypeptide. The polypept,de may 

n. 15 be acyclic or cyclic. 

•ssk? 

The polypeptide may comprise any number of amino acid residues provided that 
it includes the sequence AMVSE but does not include the sequence 
EQEYVQTV. Preferably, the polypeptide comprises 5-30, preferably 5-20, more 
preferably 5-1 1 amino acids. Preferably, the polypeptide comprises 
20 AMVSEFLKQAW. 

The compound may also include additional amino acid sequences or chemical 
groups flanking the amino acid sequence AMVSE, wherein the additional 
sequences or groups enhance the anti-inflammatory properties of the compound. 

Reference to -inflammation- or Inflammatory response/disease" refers to any 
25 inflammatory response or disease, including gout, gouty arthritis, rheumatoid 
arthritis, asthma, reperfusion injury or damage, stroke, myocardial infarction, 
septic shock, or an inflammatory skin disorder, such as psoriasis or eczema. 

The present invention also provides the use as described above, wherein the 
medicament includes one or more pharmaceutic^ acceptable extents. 
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5 The present invention a,so provides the method as described above where, a 
com osition which comprises a compound comprising the amino acd sequence 
AMVSE, wherein said compound does not comprise the amino acid sequence 
EQEYVQTV, and which further comprises one or more pharmaceufcally 
acceptable excipients is administered to an animal. 

10 n..,ii^ Description ofjhejnyentjoe 

The present invention will now be described, by way of example only, with 
reference to the accompanying figures, wherein: 

Figure 1 illustrates the degree of inflammatory response (as measured by PMN 
migration) generated by the in v,Vo activity o, lipocortin 1-derived pept.des 
| 15 (Scramble = LCWAc-SVEMA); Ac=acetyl). 

Figure 2 illustrates (as a bar chart) the degree of inflammaton- response (as 
me asured by PMN migration) generated by the in *o act* of 66 nmo, 
Hpocortin 1-derived peptides with reference to Figure 1 (Scramble = LC1 „ (Ac- 
SVEMA); Ac=acetyl). 
3 The in v/vo anti-inflammatory properties of the amino acid sequent AMVSE 
were demonstrated by preparing fragments of N-acetyl LC1, 26 
(AMVSEFLKQAWFIENEEQEYVQTVK) and testing them in an animal mode of 
Inflammation. The „ *o animal mode, provided evidence « ^ 
LC1 2 12 (AMVSEFLKQAW) was active in the model, LC1 13-25 (FIENEEQEYVQTV) 
, 5 was no, (data no, shown). When AMVSE and LC W (FLKQAW), were tested 
' th eformerwasactivewhereas«helatterwasnot. A scrambled version of 
AMVSE (namely, SVEMA) was also found to be inactive. 
The experiments described herein cleariy indicate that the biological properties of 
lipocortin 1 (LCD differ in in v,Vo inflammatory models compared to ,he ,n v,,ro 
30 A549 model. 
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The compounds used in the present invention are preferably prepared for use as 
pharmaceuticals. The polypeptides may be administered by any suitable route 
including oral or parenteral administration. Pharmaceutical compositions, which 
comprise the compounds described typically, will contain diluents, such as water, 
saline, glycerol, ethanol, etc. Additionally or alternatively, auxiliary substances, 
such as wetting or emulsifying agents, pH buffering substances, and the like, 
may be present in such vehicles. The polypeptide-containing compositions are 
preferably administered in combination with pharmaceutically acceptable 
excipients such as 0.1 M PBS (pH 7.4), 0.2 M NaHC0 3 or other such 
pharmaceutically acceptable fluids. 

> Typically, the compositions contemplated are prepared as injectables, either as 
liquid solutions or suspensions; solid forms suitable for solution in, or suspension 
in, liquid vehicles prior to injection may also be prepared. The preparation also 
may be emulsified or encapsulated in, for example, liposomes. 

Compositions used as pharmaceuticals comprise an effective amount of the 
0 compound, as well as any other of the above-mentioned components, as 

needed. By "effective amount", it is meant that the administration of that amount 
to an individual, either in a single dose or as part of a series, is effective for 
treatment or prevention. This amount varies depending upon the health, age and 
physical condition of the individual to be treated, the taxonomic group of 
25 individual to be treated (e.g., non-human primate, primate, etc.), the treating 
doctor's assessment of the medical situation, and other relevant factors. The 
amount falls in a relatively broad range that can be determined through routine 
trials. Typical dosages may fall within the range 0.1-100 mg/kg, preferably 0.5- 
50 mg/kg, most preferably 1-10 mg/kg. 

30 The compositions contemplated are conventionally administered parenteral^, 
e.g. by injection either subcutaneously or intramuscularly. Additional 



formulations suitable for other modes of administration include oral and 
pulmonary formulations, suppositories and transdermal applications. Dosage 
treatment may be a single dose schedule or a multiple dose schedule. The 
composition may be administered in conjunction with other anti-inflammatory 
agents. 

As used herein, the term "polypeptide" refers to a polymer of amino acids and is 
not limited to a specific length of the molecule; thus, peptides, oligopeptides, and 
proteins are included within the definition of polypeptide. The polypeptide may 
be produce by chemical synthesis or by recombinant DNA techniques well known 
to persons skilled in the art. The term "polypeptide" also includes modifications 
of the polypeptide, for example, glycosylations, acetylations, phosphorylations, 
cyclisations and the like. Included within the definition are, for example, 
polypeptides containing one or more analogues of an amino acid (including, for 
example, unnatural amino acids, etc.), polypeptides with substituted linkages, as 
well as other modifications known in the art, both naturally occurring and non- 
natu rally occurring. 

The present invention will now be described with reference to the following 
examples. It will be appreciated that the following is provided by way of example 
only and modification of detail may be made without departing from the scope of 
the invention. 
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5 Ex perimental Protocol 

Animals 

Male Swiss Albino mice (20-22 g body weight) were purchased from Interfauna 
(CFLP strain; Huntingdon, Cambridgeshire, UK) and maintained on a standard 
chow pellet diet with tap water ad libitum. Animals were used at least one week 
10 after arrival. 

Mouse Air-Pouch Model 

Air-pouches were formed on the back of the mice by subcutaneous (s.c.) 
injection of 2.5 ml or air on day 2 and day 5. Three days after the last air- 
injection (6-day-old air-pouches) 1 mg of zymosan (in 0.5 ml of sterile saline) was 
injected locally (Perretti et a/., 1996). Zymosan was previously boiled for 30 min 
in phosphate buffered solution (PBS), extensively washed in the same medium 
and stored at -20°C prior to use. 

Four hours after the local injection of zymosan, mice were killed by C0 2 exposure 
m and the air-pouches washed with 2 ml of PBS containing 
| 20 ethylenediaminetetracetic acid sodium salt (EDTA; 3 mM) and heparin (25 U/ml). 
^ Lavage fluids (essentially the entire 2 ml were consistently recovered) were 

centrifuged at 200 g for 10 min at 4°C and cell pellets were resuspended in 2 ml 
of PBS/EDTA + heparin. The number of PMN was determined, using a 
Neubauer haematocytometer, after staining (1:10 dilution) with Turk's solution 
25 (crystal violet 0.01 % w/v in acetic acid 3% v/v). 

Peptides 

All peptides were synthesized following conventional solid phase technique by 
the Advanced Biotechnology Center, Charing Cross Westminster Medical School 
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5 (London, UK) and purified by high liquid performance chromatography. All 
peptides were more than 95% pure. 

Drug Treatment 

The following peptides were drawn from the lipocortin 1 N-terminus region: LC1, 
26 (Ac-AMVSEFLKQAWFIENEEQEYVQTVK), LC1, 12 (Ac-AMVSEFLKQAW), 
10 LC1 1325 (FIENEEQEYVQTV),LC1 2 . 6 (Ac-AMVSE),orscrambleLC1 2 .6(Ac- 
SVEMA) were administered s.c. 30 min prior to injection of 1 mg zymosan into 
the air-pouches. Control mice were treated with sterile PBS (100 u1 s.c). 

Results 

O Figure 1 shows that of the fragments of LC1 2 . 26 , LC1 2 . 12 and LC1 2 . 6 showed the 
S 1 5 greatest potency, having almost identical final percentage inhibition responses. 
5. Data are shown as percentage of control inhibition of PMN migration, which is 
¥ the leukocyte extravasations measured in vehicle (sterile PBS)-treated mice. 
Approximate ED 50 s of 45, 110 and 110 nmol were calculated (n=15; P<0.01), 
respectively. 

20 LC1 2 . 26 itself showed the greatest potency. This is likely to be due to the 
presence of residues flanking the AMVSE sequence that increase the PMN 
migration inhibitory activity of the pharmacore AMVSE. 

Figure 2 reports the inhibitory action of an equimolar dose of the recited peptides, 
and indicates that the activity found in LC1 2 _i 2 is contained within the LC1 2 . 6 
25 domain. 

The results clearly indicate the inhibitory effect of the AMVSE pharmacore on 
PMN migration and the possibility of its enhanced potency in combination with 
suitable flanking sequences. The AMVSE pharmacore represents the minimum 
active sequence from which further useful sequences may be derived by 
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combining the core AMVSE sequence with additional flanking sequences, 
chemical groups designed to improve the binding or penetration of the peptide ti 
its active site or other chemical groups that in some other way improve the anti- 
inflammatory properties of a compound comprising the pharmacore AMVSE. 
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